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HSV/AAV Hybrid Amplicon Vectors 
Background of the Invention 

Field of the Invention 

The present invention relates to a hybrid vector system which incorporates 
5 elements of herpesvirus and adeno-associated virus which capable of expressing 

a gene product in eukaryotic cells. The vector system of the present invention 
provides a means of packaging plasmid DNA into highly irrfectious virions which 
can efficientiy and safely deliver large transgenes to both mitotic and postmitotic 
cells in a state which can be maintained for extended periods. The invention also 
10 pertains to the use of tiiis vector system in introducing and expressing gene 

sequences in mitotic and postmitotic cells for therapeutic purposes. 

Related Art 

A variety of vectors have been developed for gene delivery to the nervous 
system and to brain tumors. These vectors derive from herpes simplex virus 

15 type- 1 (HSV-IX adenovuus, adeno-associated virus (AAV) and retrovirus 

constructs (for review see Friedmann, T., Trends Genet 70:210-214 (1994); 
Jolly, D-, Cancer Gene Therapy 1 (1994); Mulligan, R.C., Science 250:926-932 
(1993); Smith, F. etcd,. Rest NeuroL Neuroscl 5:21-34 (1995)). Vectors based 
on HSV-1, including both recombinant virus vectors and amplicon vectors, as 

20 well as adenovirus vectors can assume an extrachromosomal state in the cell 

nucleus and mediate limited, long term gene expression in postmitotic cells, but 
not in mitotic cells. HSV-1 amplicon vectors can be grown to relatively high 
titers (10^ transducing units/ml) and have the capacity to accommodate large 
fragments of foreign DNA (at least 15 kb, witii 10 concatemeric copies per 

25 virion). AAV vectors (rAAV), available in comparable titers to amplicon vectors, 

can deliver genes (< 4.5 kb) to postmitotic, as well as mitotic cells in combination 
with adenovirus or herpes virus as helper virus. Long term transgene expression 
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is achieved by replication and formation of "episomal" elements and/or through 
integration into the host cell genome at random or specific sites (for review see 
Samulski, RJ., Current Opinion in Genetics and Development 3:74-80 (1993); 
Muzyczka, N., Curr, Top. Microbiol Immunol iJ5:97-129 (1992)). HSV, 
adenovirus and rAAV vectors are all packaged in stable particles. Retrovirus 
vectors can accommodate 7-8 kb of foreign DNA and integrate into the host cell 
genome, but only in mitotic cells, and particles are relatively imstable with low 

" titersr^Recent studies have demonstrated that elements fiom different viruses can 
be combined to increase the delivery capacity of vectors. For example, 
incorporation of elements of the HTV virion, including the matrix protein and 
integrase, into retrovirus vectors allows transgene cassettes to enter the nucleus 
of non-mitotic, as well as mitotic cells and potentially to integrate into the 

^ genome of these cells (Naldini, L. et al, Science 272:263-261 (1996)); and 
inclusion of the vesicular somatitis virus envelope glycoprotein (VSV-G) 
increases stability of retrovirus particles (Emi, N. et al, J, Virol. 65:1202-1207 
(1991)). As another example, inclusion of elements from Epstein Ban* virus 
(EBV) - the DNA origin of replication, oriP, and the EBNA-1, within HSV 
amplicon vectors allows nuclear replication of vectors in dividing himian cells 
(Wang and Vos, in press). Still there is a need for a safe, high titer vector with 
a broad host range which has a large transgene capacity and can confer stable 
expression in both mitotic and non-mitotic cells. 

Summary of the Invention 

According to the invention there is provided a hybrid gene vector capable 
of expressing a gene sequence comprising a nucleic acid in which a 
polynucleotide sequence to be carried by the vector into a target cell, such as a 
gene sequence or transgene, is fused 
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(i) to a subset of viral polynucleotide sequences from, a herpesvirus 
comprising a herpesviral origin of replication and packaging signal sufficient for 
replication and pack^ing of the vector in herpesviral virions, and 

(ii) to a subset of viral polynucleotide sequences from an adeno- 
5 associated virus (AAV) comprising AAV elements sufficient to increase 

persistence of the vector in mitotic and non-mitotic cells. 

Preferably the hybrid gene vector also comprises an adeno-associated viral 
gene(s) and a suitable arrangement of AAV polynucleotide elements, sufficient 
for replication and chromosomal integration of the polynucleotide sequence that 
10 is to be carried by the vector into the target cell. 

For exan^le, the polynucleotide sequence to be carried by titie vector into 
the target cell can be arranged between AAV ITR terminal repeats, and the adeno- 
associated viral gene can be a Rep gene encoding Rep enzyme(s) capable of 
mediating replication and chromosomal integration of ITR-flanked 
IS polynucleotide sequraces. 

In certain embodiments, the AAV elements can also be suitably arranged 
for and sufficient to enable sufficient replication and packaging the vector in 
AAV virions. 

The vector, when encapsulated in either a herpesviral particle coat or an 

20 adeno-associated viral particle coat, is enable of binding to a target host cell and 

introducing into the target host cell the polynucleotide sequence carried by the 
vector. 

The present invention further relates to a hybrid vector system which 
incorporates elements of HSV amplicon vectors and rAAV vectors. HSV 
25 amplicon elements comprise the origin of DNA replication, oris, and the virion 

packaging signal, pac. AAV elements comprise the terminal repeats, ITRs, which 
are sufficient for replication and packaging of AAV virions, and the rep gene, 
which encodes Rep isozymes involved in replication and chromosomal 
integration of ITR-flanked sequences. The vector system is capable of infecting 



and persisting in mitotic and non-xnitotic cells and can be used in gene therapy 
to treat diseases and disorders including brain tumors. 

The invention also provides a hybrid vector capable of expressing a 
transgene comprising: 

(a) a DNA sequence derived Scorn Herpes Simplex Virus (HSV) 
comprising a HSV origin of DNA replication and packaging signal; and 

(b) inverted temunal repeat sequences from Adeno-Associated Virus 
- (AAV) flanking a- transgene cassette. 

The invention also provides a hybrid vector capable of expressing a 
transgene comprising: 

(a) a DNA sequence derived fix)m Herpes Simplex Virus (HSV) 
comprising a HSV origin of DNA replication and packaging signal; 

(b) inverted temiinal repeat sequences from Adeno- Associated Virus ^ 
(AAV) flanking a transgene cassette; and 

(c) an AAV rep gene inserted outside the inverted terminal repeat 
flanked transgene cassette » 

The vector system of the present invention is designed to provide a means 
of packaging plasmid DNA into highly infectious virions which can efficiently 
and safely deliver large transgenes to both mitotic and postmitotic cells in a state 
which can be maintained for extended periods. 

The invention further concerns the above-described recombinant vectors 
which are pHS/AVrq)"*" and pHS/AVrep". 

The invention also provides the above-described recombinant vector that 
can be used in any therapeutic modality wherein the inserted transgene sequence 
is a gene sequence associated with diseases and disorders including but not 
limited to inh^ted metabolic disorders, including, lysosomal storage disease, 
Lesch-Nyhan syndrome, inherited neurological diseases, including, amyloid 
polyneuropathy, Alzheimer's Disease, Duchenne's muscular dystrophy, ALS, 
Paricinson's Disease and brain tumors, diseases of the blood, such as, sickle-cell 
anmiia, clotting disord^ and ftalassemias, cystic fibrosis, diabetes, disorders of 
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the liver and lung, heart and vascular disease, diseases associated with hormone 
deficiencies, movement disorders, pain, stroke, and HTV, 

The invention further provides a method for expressing a transgene in a 
cell. The invention also provides a method of treating diseases and disorders. In 
addition, tiie invention provides a method of selectively killing tumor cells. 

Non-limiting examples of the diseases and disorders that can be treated 
using the present hybrid vectors includes: inherited metabolic disorders, 
including, lysosomal~iS6fage disease, ~ Lesch-NyhaiT syridrbmeV^ihherited"' 
neurological diseases, including, amyloid polyneuropathy, Alzheimer' s Disease, 
Duchenne's muscular dystrophy, ALS, Parkinson's Disease, diseases of the 
blood, such as, sickle-cell anemia, clotting disorders and thalassemias, cystic 
fibrosis, diabetes, disorders of the liver and limg, heart and vascular disease, 
' diseases associated with hormone deficiencies, movement disorders, pain, stroke,. 
HTV, tumors, neoplasms, carcinomas, sarcomas, leukemias, lymphoma, 
astrocytomas, oligodendrogliomas, meningiomas, neurofibromas, ependymomas. 
Schwannomas, neurofibrosarcomas, and glioblastomas. 

Brief Description of the Figures 

FIG. L Amplicon constructs. Transgene elements bearing the marker 
lacZ gene were introduced into conventional amplicon vectors bearing the HSV-1 
origin of DNA replication, oris, 2nd DNA cleavage/packaging signal, pac, with 
and without additional AAV elements. In hybrid plasnaids pHS/AVrep" and 
pHS/AVrep* the transgene cassette comprises lacZ xmder control of the human 
CMV lEI promoter (p-) and tenninated with a splice jxmction .and 
polyadenylation signal (MI) and flanked with AAV ITRs. pHS/AVrep* contains 
in addition the wild type AAV rep gene under its own promoters (p-Rep). In the 
conventional amplicon pHermes-L lacZ is under control of the SV40 promoter 
and terminated with an SV40 polyadenylation signal. 
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FIG. 2. Expression of Rep isozymes. Human 293 cells were txansfected 
with the following plasmids: lane 1 - psub201, encoding the wild type AAV 
genome, including rep and cap; lane 2 - pHS/AVrep*; lane 3. - pHS/AVrep'; or 
were QsnQ 4 -) non-transfected. Cells were harvested after 24 hrs and proteins 
resolved by SDS PAGE and analyzed by Western blots using a 1 : 1 000 dilution 
of monoclonal antibodies to Rep isozymes. Position of MW markers is shovm 
qn left; position of Rep isozymes on right 



FIG. J. Transduction of glioma cells using amplicon vectors with 
helper virus. Proliferatuig U87 hmnan glioma cells in culture (2x10^ cells/well) 
were infected with amplicon vector stocks on day 0 at an MOI of 0.05 
transducing units per cell or with a ICP27-min\is helper virus alone at an MOI of 
* 16 pfti/cell. HS/AAVrep* (open circle); HS/AAVrep' (open square); Hermes-L 
(triangle), HSV helper virus (filled square) and xminfected U87 cells (filled 
circle). 

Cells were maintained in active cell growth by splitting in a 1:4 ratio 
every 5 days. At the time points indicated, parallel culture were stained for lacZ 
(Panel A) or evaluated for viable cell number (Panel B). (Results are shown as 
the mean ± standard error of the mean from two experiments). 

FIG, 4. Transduction of glioma cells using helper virus-free amplicon 
vectors. The experiment was carried out as in FIG. 3 except helper-free amplicon 
vector stocks were used. 

FIG. 5. PCR analyses ofDNA in infected cells. Cells were transduced 
with helper-firee amplicon vectors and analyzed as described in FIG. 3. On days 
1, S, 10 and IS post-transduction cells were harvested and total cellular DNA 
used for PCR using eitiier lacZ primers or p-actin primers. Cells were transduced 
with: H = Hennes-L, R" = HS/AVrep ; R ^ HS/AVrep br M = were not 
transduced. 
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FIG. 6* Mechanisms for extended transgene egression by the hybrid 
vector* The inventors propose the foUowing mechanism: the hybrid vector enters 
flie host cell nucleus as a linear double stranded DNA concatenate. The transgene 
can be replicated out of the amplicon backbone thereby amplifying the transgene 
cassette and stabilizing it through hairpin hybridization of the AAV ITR 
sequences. Alternatively, it can integrate into the host cell genome. In the 
presence of Rep in human cells this should preferentially occur at the AAVS 1 site 
~ ~ on chromosome 19, but can also occur at random chromosomal sites in the- 
presence or absence of Rep in different species. 

Detailed Description of the Preferred Embodiments 

The vector system of the present invention provides a means of packaging ^ 
plasmid DNA into highly infectious virions which can efficiently and safely 
deliver large transgenes to both mitotic and postmitotic cells in a state which can 
be maintained for extended periods. The HSV/AAV hybrid vectors of the 
present invention combine the advantages of two gene delivery vehicles, namely 
HSV-1 amplicons and recombinant (r) AAV vectors. . Hybrid vectore bear the orig 
and pac features of HSV amplicons and a transgene cassette flanked by AAV U K 
sequences, with or without the AAV rep gene outside the cassette. 

Herpes Simplex Yirus-l andAdeno-Associate Virus 

HSV-1 is a double-stranded DNA virus which is replicated and 
transcaibed in the nucleus of the cell. HSV-1 has both a lytic and a latent cycle. 
HSV-1 has a wide host range, and infects many cell types in mammals and birds 
(including chicken, rat, mice monkey, and human) Spear et al., DNA Tumor 
Viruses^ J. Tooze, Ed. (Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1981) pp. 615-746. HSV-1 can lytically infect a wide variety of cells 
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including neurons, fibroblasts and macrophages. In addition, HSV-1 infects post- 
mitotic neurons in adult animals and can be maintained indefinitely in a latent 
state. Stevens, Current Topics in Microbiology and Immunology 70: 31(1975). 
Latent HSV-1 is capable of expressing genes. 

AAV also has a broad host range and until recently, all human cells were 
thought to be infectable. However, Ponnazhagan and co-workers have identified 
that human megakaryocytic leukemia cells are non-permissive for AAV infection. 
"The host range for integration is believed to be equally broad;^AAV-is a single 
stranded DNA parvovirus endogenous to the human population, making it a 
suitable gene therapy vector candidate. AAV is not associated with any disease, 
therefore making it safe for gene transfer applications (Cukor et al.. The 
Parvoviruses, Ed. IC I. Bems, Plenimi, N.Y., (1984) pp. 33-36; Ostrove et al., 
^Virology 113: 521 (1981)). AAV integrates into the host genome upon infection^ 
so that transgenes can be expressed indefinitely (Kotin et al., Proc. Natl. Acad. 
Sci. USA 87: 221 (1990); Samulski et al., Embo J. 10: 3941 (1991)). hitegration 
of AAV into the cellxilar genome is independent of cell replication which is 
particularly important since AAV can thus transfer genes into qmescent cells 
O-ebkowski etal., Mol. Cell. Biol. 8:3988 (1988)). 

Vectors based on HSV-1 , including both recombinant virus vectors and 
amplicon vectors, as well as adenovirus vectors can assume an extrachromosomal 
state in the cell nucleus and mediate limited, long term gene egression in 
postmitotic cells, but not in mitotic cells. HSV-1 amplicon vectors can be grown 
to relatively high titers (10^ transducing units/ml) and have the edacity to 
accommodate large fragments of foreign DNA (at least 15 kb, with 10 
concatemeric copies per virion). AAV vectors (rAAV), available in comparable 
titers to amplicon vectors, can deliver genes (< 4,5 kb) to postmitotic, as well as 
mitotic cells. 

The components of the hybrid vector system of the present invention have 
. many intriguing features dOTved fix3m their parent viruses. Both HSV and AAV 
can deliver genes to dividing and nonndividing cells. In general, HSV virions are 
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considered more highly infectious that AAV virions, with a ratio of virus 
particles: infectious units in the range of 10 for HSV (Browne, R et aL, J, ViroL 
70:4311-4316 (1996)) and up to fliousands for AAV (Snyder, ILO. et al. In 
Current Protocols in Human Genetics, Eds. Dracopoli, N. et al, John Wiley and 
5 Sons: New York (1996), pp. 1-24), and both having a broad species range. Still, 

each virion has specific trophisms which will affect the eflBciency of infection of 
specific cell types. The recent identification of a membrane receptor for HSV.-l 
which is a member of the tumor necrosis factor alpha family (Montgomery, ILL 
et al, 21st Herpes Virus Workshop Abstract #167 (1996)) indicates tiiat the 

10 distribution of this receptor will affect the relative infectibility of cells, albeit 

most mammalian cell types appear to be infectible with HSV-1 . AAV also has 
a very wide host and cell type range. The cellular receptor for AAV is not 
known, but a 150 kDA glycoprotein has been described whose presence in, 
cultured cells correlates with their ability to bind AAV (Mizukami, H. et al, 

15 Virology 277:124-130 (1996)). 

The Hybrid Vectors of the Present Invention 



The present invention provides for HSV/AAV hybrid vectors that were 
designed to combine advantages of both HSV-1 amplicon vectors and rAAV 
vectors. The "backbone" of one embodiment of the vector of the present 

20 invention is an HSV-1 amplicon consisting of a plasndd containing two non- 

coding elements of HSV-1, the origin of DNA replication, oris, ^d the DNA 
cleavage/packaging signal, pac, which allow replication and packaging of DNA 
as a concatenate in HSV-1 virions in the presence of HSV-1 helper virus (Kwong, 
A.D. and Frenkel, N., In Viral Vectors^ Eds. M.G, Kaplitt and A.D. Loewy, 

25 Acadraiic Press: New Yoik (1 995), pp. 25-42). Within fliis amplicon "backbone" 

elements of rAAV vectors were introduced. rAAV vectors contain, at minimum, 
the inverted terminal repeat elements (ITR*s) flanking a transgene cassette; they 
are packaged into AAV virions by cotransfection of cells with a plasmid bearing 
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the AAV rep and ccp genes, which encode proteins that mediate replication and 
genomic integration of AAV sequence, as well as packaging and formation of 
AAV virions, respectively, and infection with a defective helper virus, either 
adenovirus or HSV-1 (Samudski, R.J., Current Opinion in Genetics and 
Development 5:74-80 (1993); Mu2yczka, N., Curr, Top, Microbiol Immunol 
755:97-129 (1992)). rAAV vectors without the rep gene appear to replicate and 
integrate at random sites in the host cell genome, while expression of Rep 
proteins Rep 68 and Rep 78, can mediate genomic integration into a well-defined 
locus on human chromosome 19 (Kotin, RM. et al, Proc. Natl Acad Scl USA 
57:2211-2215 (1990); Samulski, R,J. et al, EMBO J, 70:3941-3950 (1991); 
Gimud, C. etal, Proc, Natl Acad Scl USA P/:10039-10043 (1994); Weitzman, 
M.D, et al, Proc, Natl Acad ScL USA P7:5808-5812 (1994)). In the hybrid 
* vector of the present invention, the transgene cassette is flanked by the AAV ITR^ 
sequences in order to promote replicative amplification in the host cell nucleus 
and integration into the host cell genome. 

Such amplified transgene cassettes have been reported to form stable 
hairpin ends, which resist exonuclease digestion (Bohenzky, R A. and Bems, K,I., 
j; Mol Biol 20(5:91-100 (1989)). In tiie rep'' hybrid vector the AAV rep gene is 
placed outside of the expression cassette so that it will not be amplified or be 
integrated into the cellxilar genome. By placing the rep gene under its own 
promoter it should also be subject to feed-back inhibition of expression, thus 
reducing the toxic effects of Rep proteins (Labow, M.A. et al, J. Virol d0:251- 
258 (1986)). At the same time limited expression of Rep' 68 and Rep 78 is 
available to direct site specific integration of the transgene cassette into the 
AAVSl locus on human chrompsome 19, 

Accordiiig to the invention there is provided a hybrid gene vector capable 
of expressing a gene sequence comprising a nucleic acid in which a 
polynucleotide sequence to be earned by the vector into a target cell, such as a 
gene sequence or transgene, is fiised 
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(i) to a subset of viral polynucleotide sequences from a herpesvirus 
comprising a herpesviral origin of replication and pack^ing signal sufficient for 
replication and packaging of the vector in herpesviral virions, and 

(ii) to a subset of viral polynucleotide sequences from an adeno- 
associated virus (AAV) comprising AAV elements sufficient to increase 
persistence of the vector in mitotic and non-mitotic cells. 

Preferably the hybrid gene vector also comprises an adeno-associated viral 
gene(s) and a suitable arrangement of AAV polynucleotide elements^ sufficient 
for replication and chromosomal integration of the polynucleotide sequence that 
is to be carried by the vector into the target cell. 

For example, the polynucleotide sequence to be carried by the vector into 
the target cell can be arranged between AAV ITR terminal repeats, and the 
'adeno-associated viral gene can be a Rep gene encoding Rep enzyme(s) capable 
of mediating replication and chromosomal integration of UK-flanked 
polynucleotide sequences. 

In certain embodiments, the AAV elements can also be sufficient to 
enable sufficient and suitably arranged for replication and packaging the vector 

in AAV v irions. 

The vector, when encapsulated in either a herpesviral particle coat or an 
adeno-associated viral particle coat, is capable of binding to a target host cell and 
introducing into the target host cell the polynucleotide sequence carried by the 
vector. 

The hybrid vectors of the present invention will preferably contain: 

(1) a sequence which contains an HSV-1 packaging site, pac 
(preferably flie HSV-1 segment located in the A repeat element of HSV-1 virus, 
or its equivalent) (Davidson, A. J., etcd, J. Gen Virol 5J:315 (1981), such that 
the vector can be packaged into a particle which is enable of adsorbing to a cell; 

(2) a sequence which contains an HSV-1 origin of DNA replication 
(preferably the HSV-1 c region, containing the HSV-1 ori^ region, located in tiie 
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repeat element of the S component of HSV-1 vims, or its equivalent)(McGeoch, 
D J., et al.. Nucleic Acids Res. 14:1727 (1986)); 

(3) a transgene cassette flanked by AAV ITR sequences ( preferably 
the AAV ITR region located in the terminal 145 bp of the AAV genome (at 
approximately nucleotides 1-145 of AAV) or its equivalent 

An even more preferred vector of the present invention will, in addition 
to the above-enumerated sequences (1), (2) and (3), contain the following 
- - sequence: ■ : - — 

(4) a AAV rep gene sequence (preferably the AAV Rep gene 
encoding all four rep isozymes) inserted outside the ITR sequence flanked 
transgene cassette. The rep gene may be operably linked to its own promoter or 
any other suitable eukaryotic promoter known in the art. 

Thus, the vectors of the present invention will preferably contain the oris 
and pac features of HSV amplicons and a transgene cassette flanked by AAV ITR 
sequences, with or without the AAV rep gene outside the transgene cassette. 

Structural and genetic characteristics of the hybrid vectors of the present 
invention can be most clearly illustrated by a description of the most preferred 
hybrid vectors, pHA/AVrep" and pHA/AVrep^ These vectors are depicted in 
Figure 1. The present vectors were constructed as follows. 

Briefly, plasmids pAB-11 (Goodman, S. et al.. Blood 5^:1492-1500 
(1994)), psub201 (Samulski, R-J. et al., J, Virol 55:3822-3825 (1989)), and 
pAAV/Ad 8 (Samulski, R.L et al., J. Virol 55:3822-3825 (1989)). pABll 
contains a transgene cassette - including the E. coli lacZ gene, modified to encode 
a nuclear localization signal, under control of the CMV immediate early (IE) 1 
promoter and followed by the mouse protamine 1 (mPl) splice site and 
polyadmyladon signal, all flanked by the AAV ITRs (Goodman, S. et al.. Blood 
5^:1492-1500 (1994))/ psub201 is an infectious AAV cDNA with 45 bp deletions 
in the ITR and intact rep and ccp genes. pAAV/Ad8 contains the wild type AAV 
rep and cap genes flanked by the adenovirus type 5 tenninal sequences (1 07 bp) 
m place of the AAV ITRs (Samulski, RJ. et al., J. Virol 55:3822-3825 (1989)). 
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TTie amplicon plasmid, pHSH4.6 contains the HSV-1 origin of DNA replication, 
oris, and DNA cleavage/packaging signal, pac, as well as the E. coli origin of 
DNA replication (ori) and ampicillin resistance (ampO gene, and includes a 
transgene cassette in which lacZ is under control of the SV40 promoter and 
followed by an SV40 polyadenylation signal (Pechan, P. A. et al. Hum Gene, 
Ther. 7:2003-2013(1996)). The amplicon plasmid, pHermes-L contains HSV-1 
oris and pac sequences, as well as the £ coli ori and amp' sequences, and bears 

~the"/^Z jgene under~controI of the SV40 promoter and followed by the SV40^ 

polyadenylation signal (Pechan, P.A. et al. Hum. Gene, Ther. 7:2003-2013 
(1996)). 

The AAV ITR flanked marker gene for both pHS/AVrep- and 
pHSAVrep"- were derived jfrom pAB-11. The ITR flanked lacZ expression 
^sette was isolated by PstI digestion of pAB-11, fragment ends were , 
subsequently made NotI compatible by addition of linkers. The amplicon parent, 
pHSH4.6 was modified to have a unique NotI site by inserting an adapter at the 
imique BamHI site. HS/AVrep" amplicons were derived by insertion of the 
Pstl/Notl-adapted fragment of pAB-l 1 into the NotI site of the NotI modified 
--^pHSIW.6^HS/Ayrep''^^ by inserting an Xbal/EcoNI 

firagment of psub201, containing the endogenous promoters and coding sequences 
of all four Rep isoforms, upstream of the SV40 polyadenylation site in 
HS/AVrep-, 

A hybrid vector, as used herein, is a nucleic acid molecule (preferably 
DNA) in which a gene sequence, or a transgene, is fiised to a subset of viral 
sequences from Herpes Sunplex Virus (HSV) and Adeno-Associated Virus 
(AAV). The viral sequences and the total genome size is selected such that the 
vector is capable of bemg encapsulated in either an HSV or an AAV viral particle 
and thus is capable of binding to, and introducing its gene sequences into a virus- 
sensitive host cell. The mfective properties of such a virion are, thus, the same 
as those containing flie wild type viral genome. 



wo 98/21345 



PCTAJS97/20422 



-14- 

The term "transgene", as used herein, is intended to refer to a gene 
sequence and are nucleic acid molecules. Such transgenes, or gene sequences, 
may be derived form a variety of sources including DNA, cDN A, synthetic DNA, 
RNA, or combinations thereof. Such transgenes may comprise genomic DNA 
which may or may not include naturally occurring introns. Moreover, such 
genomic DNA may be obtained in association with promoter regions or poly A 
sequences. The transgenes of the present invention are preferably cDNA. 
Genomic or cDNA may be obtained by means well known in die art A transgene 
which may be any gene sequence whose expression produces a gene product that 
is to be expressed in a cell. The gene product may affect the physiology of the 
host cell. Alternatively the transgene may be a selectable marker gene or reporter 
gene. Examples of gene sequences that can be used as trangenes include, but are 
*not limited to, a gene sequence associated with disesises and disorders such as 
inherited metabolic disorders, including, lysosomal storage disease, Lesch-Nyhan 
syndrome, inherited neurological diseases, including, amyloid polyneuropathy, 
Alzheimer's Disease, Duchenne's muscular dystrophy, ALS, Parkinson's Disease 
and brain tumors, diseases of the blood, such as, sickle-cell anemia, clotting 
disorders and thalassemias, cystic fibrosis, diabetes, disorders of the liver and 
lung, heart eind vascular disease, diseases associated with hormone deficiencies, 
movement disorders, pain, stroke, HTV and cancer. 

The term "transgene cassette," as used herein, is intended to refer to a 
transgene op^bly linked to a promoter or other regulatory sequence sufficient 
to direct transcription of the transgme. Suitable promoters include, for example, 
as human CMV lEI promoter or an SV40 promote. The transgene cassette may 
also optionally have termination signals, processing signals, or introns. It is of 
course possible to use as a transgene a gene sequence that already possesses a 
promoter, initiation sequence, introns, processing sequence or termination 
sequence in the transgene cassette. 

A rq)orter gene, as used herein, is any gene sequence which, when 
e?qpressed, results in the production of a protein whose presence or activity can 
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be easily monitored. Examples of suitable reporter genes can include the gene for 
P-galactosidase, galactokinase, chloramphenicol acetlytransferase, and P- 
lactamase. 

A selectable marker gene, as used herein, is any gene sequence capable 
of expressing a protein whose presence pemiits selective propagation of a cell 
which contains it. Examples of selectable markers include gene sequence capable 
of conferring host resistance to antibiotics (such as ampicillin, tetracycline, 

kanSnyciiy ac.)7~am^ acid analogs, "or pennitting" growth of bacteria oh 

additional carbon sources or under otherwise impemiissible culturing conditions. 

The term "host cell" is intended to refer to any cell that can be infected 
with the hybrid vectors of the present invention. 

The tenn "operably linked" is intended to describe a linkage between a 
*gene sequence and a promoter or other regulatory or processing sequence such, 
that the transcription of the gene sequence is capable of being directed by an 
operably linked promoter sequence, the translation of the gene sequence is 
capable of being directed by an operably linked translational regulatory sequence 
and the post-translational processing of the gene sequence is capable of being 
_dkected by_an operably linked processing sequence. 

Host range and Capacity of the Hybrid Vectors 

The HSV/AAV hybrid vector constructs of the present invention allow 
packaging of the transgene cassette into either HSV-1 or AAV vuions, although 
the theoretical size lumtation in the AAV virion would be much smaller 4.5 
kb) than the HSV virion (--150 kb). Thus, the host range of the hybrid vectors of 
the present invention are extended relative to the HSV-1 or AAV based vectors. 
Typically amphcon plasmids have been constructed in the range of 15 kb with 
transgene cassettes of up to 10 kb, such that about 10 copies of the amplicon are 
packaged as a concatenate in an HSV virion (Ho, D.Y., Meth Cell Biol ^5:191- 
210 (1994)). 



Wa.98/21345 



PCT/US97/20422 



-16- 

Others have noted the instability of amplicons >1 5 kb (Kwong, A.D. and 
. Frenkel, N., In Viral Vectors, Eds. M.G, Kaplitt and A.p. Loewy, Academic 
Press: New York (1995), pp. 25-42), but this may be due to recombinogenic 
elements in the oris or pac regions which could be mutated for increased stability. 
At least, theoretically, these amplicons could be increased in size up to 20 kb in 
plasmid constructs, 30-40 kb in cosmid constructs and 150 kb in large capacity 
cloning vectors. Shelling, A.N: and Smith, M.G., Gene Ther, 2:1-5 (1994) have 
— shown that transgene cassettes flanked by the AAV- ITRs in plasmids can - 
integrate into human genomic DNA when delivered by co-transfection with rcrp. 
The inventors believe that a transgene cassette of at least 10 kb and possibly 20 
kb, 30 kb, 40 kb, 50 kb or up to a maximum of 150 kb could be efiBciently 
delivered within the HSV-AAV hybrid vector system of the present invention. 

The hybrid vectors of the present invention can be generated using HSV-1 
or AAV helper virus packaging systems well known in the iart 

Amplicon vectors can now be generated free of helper virus using the 
helper virus-free packaging system described by Fraefel, C. et al, J, Virol 70\ 
7190-7197 (1996). To develop a helper virus-free packaging system, the DNA 
cleavage/packaging signals were deleted from a set of cosmids that represent the 
HSV-1 genome. Following cotransfection into cells, this modified cosmid set 
supported replication and packaging of vector DNA. Since the DNA 
cleavage/packaging signals were absent from the cosmid set, the HSV-1 genome 
is not packaged and consequently the vector stocks were free of detectable helper 
virus. The hybrid vectors of the present invention that have been generated in 
this helper virus free system are able to efficiently infect cells in culture, have 
more efficient gene transfer, more stable gene expression and have markedly 
reduced cytotoxic effects relative to vectors generated using helper virus systems. 
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Hybrid Vectors Mediate Stable Trangene Delivery and Expression 

The experimental results set forth in the Examples indicate that the hybrid 
vectors of the present invention can mediate transgene expression for at least two 
weeks in actively dividing human glioblastoma ceUs in culture, considerably 
longer than traditional HSV amplicon vectors. Moreover, the transgene cassette 
is retained, and apparently amplified, over this period while the HSV amplicon 
sequences areJosLvdtfaiiLa W€«k._When packaged_.in HSV virions in the.absence 



of helper virus these hybrid vectors are essentiaUy without toxicity and represent 
a "virtual" synthetic vector. 

The state of the transgenes in the host cell nucleus is critical in 
determining the potential fidelity and extent of expression. AmpKcon vectors 
deliver linear, double stranded DNA to the nucleus. If repUcation-competent 
HSV helper virus accompanies the amplicon DNA it commences replication as" 
a rolling circle, but the ceU will subsequently die within a day or so due to virus 
propagation. If; as in the present invention, the helper virus is repUcation- 
defective or absent, the amplicon DNA is thought to exist as a linear 
extrachromosomal element without any defined episomal structure. (See, FIG. 6) 



In noi^dividGa^relli W DNA~CMi"be r^ periods, as 

deteamined by continued transgene expression for at least a month in neurons in 
vivo (e.g. During, MJ. et al.. Science 266: 1399-1403 (1 994); Kaplitt, M.G. et aL. 
MoL Cell NeuroscL 2 J20-330 (1991)). However if the host cells are dividing, 
the ampKcon sequences are lost within a few cell generations (Boothman, D.A. 
et dL, FEES Lett. 255:159-162 (1989); present study). 

The features of the HSV-1 vectors incorporated into the hybrid vector of 
the present invention aUow for limited replication (amplification) of the transgene 
cassette out ftom the amplicon DNA, increased episomal stability of ITR flanked 
transgene cassettes and potential integration into the host cell genome, as has 
been observed for HSV-1 vectors (McKeon, C. and Samulski, R.J., Hum. Gene. 



wo 98/21345 



PCTAJS97/20422 



-18- 

Ther. 7:1615-1619 (1996); Muzyczka, K, Curr, Top, Microbiol Immrmol 
7JS:97-129 (1992)). (See, FIG, 6) 

While not wishing to be bound by theory, the inventors propose the 
following mechanism: tiie hybrid vector enters the host cell nucleus as a linear 
double stranded DNA concatenate. The transgene can be replicated out of the 
amplicon backbone thereby amplifying the transgene cassette and stabilizing it 
through hairpin hybridization of the AAV ITR sequences. Alternatively, it can 

integrate into the host cell genome, - In the presence of Rep in hxraian cells this - 

should preferentially occur at the AAVSl site on chromosome 19, but can also 
occur at random chromosomal sites in the presence or absence of Rep in different 
species. 

Most HSV-1 vectors studied to date bear the transgene cassette flanked 
by the AAV ITRs with no rep gene. The DNA is delivered to the host cell 
nucleus in a single stranded form, probably with extensive secondary structure at 
either end ("hairpins")- The ITR sequences and cellular factors then mediate 
replication of the transgene cassette, and intermediates of this process include 
double stranded DNA forms with terminal "hairpin" configvirations which resist 
nuclease digestion (Ward, P. andBems, K.I., J. Virol 70:4495-4501 (1996)). 
Multiple copies of the transgene cassette can thus be generated and some fraction 
of these can integrate into the genome at random or specific sites (McKeon, C. 
and Samulski, R.J., HurrL Gene. Ther. 7:1615-1619 (1996)). Thus, transgene 
cassettes can be retained and expressed both in dividing cells and non-dividing 
cells for extended periods, with dividing cells being more permissive than non- 
dividing cells for these events (Russell, D.W. et al„ Proc. Natl Acad Set USA 
Pi:8915-8919 (1994)). The findings set forth in the Examples are consistent with 
limited amplification of the transgene cassette following transduction with either 
the rep* or rep" hybrid vectors as noted by PGR amplification of the transgene 
cassette after two weeks in dividing cells and by the ability of the hybrid 
constructs to generate HSV-1 vectors following co-transfection with AAV 
rep-cap genes and a helper virus. 
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The rep gene of AAV encodes four isozymes, two of which 68kd and 
78 kd, are believed to have a major role in replication of AAV and integration 
into the site specific location on human chromosome 19q (Weitzmari, M.D. et aL, 
Proc. Natl Acad Set USA Pi:5808-5812 (1994); Giraud, C. et aL, Proc. Natl 
Acad Set USA P7: 10039-1 0043 (1994)). The HSV/AAV hybrid vector 
incorporates the rep gene under its own promoter elements. Western blot 
analysis indicates that all isozymic fonns are expressed by the vector. Although 
the Rep proteins can biTtOMC tol^ells7iri fhe^^ of helper virus they undergo ~ " 
feedback inhibition on their own promote: and thus their levels are expected to 
be reduced (Kyostio, S.R-M. et al, J. Virol 5P:6787-6796 (1995)). There was 
no evidence of Rep-associated toxicity in the experiments set forth in the 
Examples. By placing it outside of the ITR-transgene-ITR cassette, the rep gene 
is predicted to be lost in dividing cells over a few cell divisions and should not , 
be integrated into the host cell genome. Lack of integration should eliminate the 
rep gene as a potential source of toxicity and stabilize integrated transgene 
cassettes, as Rep also functions in excision of integrated AAV sequences from the 
genome (Bems, K.L, In Virology, pp. 2173-2197. Eds. B.N. Fields, D.M, Knipe 
and P.M. Howley, Lippincott-Raven, Philadelphia, PA (1996)). The percentage 
of cells caressing the transgene was always higher for rep* vectors as compared 
to rep" vectors, especially at later time points in the experiments set forth in the 
^camples. This could reflect more extensive replication and/or integration of the 
transgene cassette in the presence of Rep iso2^es. 

In summary, the Examples demonstrate that dividing U87 cells infected 
with the hybrid vectors of the present invention retained transgene expression 
longer than those infected with a conventional HS V amplicon vector, apparentiy 
tisrough on site replication (amplification) of the ITR-flanked transgene cassette. 
The presence of the rep gene appeared to increase the stability of expression in 
this system, and packaging with the helper-virus-fi-ee system virtually eliminated 
toxicity. This vector has the potential to achieve stable transgene delivery to botii 
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dividing and non-dividing cells through amplification and/or chromosomal 
integration of the transgene cassette. 

Gene Therapy Techniques 

Gene therapy has been proposed as a method for treating disease states 
and genetic disorders that lack effective therapies. Gene therapy techniques can 
aiso be applied as a method to cpnt^ of a protein and to assess its 

ability to modulate cellular events. 

There are a number of inherited neurological and metabolic diseases in 
which defective genes are known and have been cloned. In some cases, the 
function of those cloned genes is known. For example, in humans, genes for 
defective enzymes have been identified for lysosomal storage disease, Lesch- 
Nyhan syndrome, amyloid polyneuropathy, Alzheimer amyloid, Duchenne's 
muscular dystrophy, for example. In addition, a number of other genetic diseases 
and disorders in vdiich the gene associated with the disorder has been cloned or 
identified include diseases the of blood, such as, sickle-cell anemia, clotting 
disord^ and thalassemias, cystic fibrosis, diabetes, disorders of the liver and 
lung, diseases associated witti hormone deficiencies^ Gene therapy could also be 
used to treat retinoblastoma, and various types of neoplastic cells which include 
tumors, neoplasms carcinomas, sarcomas, leukemias, lymphoma, and the like. 
. Of particular interest are the central nervous system tumors. These include 
astrocytomas, oligodendrogUomas, meningiomas, neurofibromas, ependymomas. 
Schwannomas, neurofibrosarcomas, glioblastomas, «tc. 

Therapeutic Uses of the Hybrid Vectors 

The HSV/AAV hybrid vectors of the present invention offer potential 
advantages over current vector systems for gene delivery to both dividing and 
non-dividing cells. In the Examples set forth below, human glioma cells were 
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used as amodel Of brain tumors. In human glioblastomas znvrvo, tumors consist 
of both dividing and non-dividmg ceUs. It is important m gene therapy 
paradigms to deliver therapeutic genes to tumor cells in both states and to retam 
expression of sensitizing genes not only to tumor cells but also to the progeny of 
tumor cells v.hich survive treatment The hybrid vector system of the present 
invention, through amplification and/or integration into tumor cells, should be 
able to extend this therapeutic window in the contextof gene deUv«y by HSV 
-^^wMch -ap^t^b¥SFinf^ti^foT-these glToina cells than AAV 



vectors. These hybrid vectors of the present invention can be combined with 
recombinant HSV vectors to expand the therapeutic gene capacity of vectors and 
to aUow on-site repUcation of vectors (Breakefield, X.O. et al.. In The Internet 
Book of Gene Therapy: Cancer Gene Therapeutics, pp. 41-56 (1995); Hunter. W. 
• et oL. In Viral Vectors, Academic Press: New York (1995). pp. 259-274; Pecihan, . 
V,P^etaUHum. Gene. Ther. 7:2003-2013(1996)). 

The hybrid vectors of the present invention have the combmed deUvery 
features of HSV virions, which have a large transgene capacity can travel by 
retrograde transport from nerve temiinals to the cell nucleus, and the stability 
feature of AAVjvectqis,vtoch include the cap^^^^^^ 
"cell nucleus and integration into the host genome. When packaged m helper- 
virus-free stocks Ihese hybrid vectors are believed to provide a means of non- 
toxic, stable and efficient gene delivery to neurons. 

Ihe hybrid vector system of the present invention is, therefore, designed 
to provide a means of packaging plasmid DNA into highly infectious virions 
which can efficiently and safely deUver large transgenes to both mitotic and 
postmitotic cells in a state which can be maintained for extended periods. 

The invention also provides for a hybrid vector wherein the inserted 
transgene sequence is a gene sequence associated with diseases and disorders. 
Non-limiting examples of sudi diseases and disorders mclude inherited metabohc 
disorders, including, lysosomal storage disease. Lesch-Nyhan syndrome, 
inherited neurological diseases, including, amyloid polyneuropathy. Alzheimer's 



WQ9M1345 



PCT/US97/20422 



-22- 

Disease, Duchenne's muscular dystrophy, ALS, Parkinson's Disease, diseases of 
the blood, such as, sickle-cell anemia, clotting disorders and thalassemias, cystic 
fibrosis, diabetes, disorders of the liver and lung, heart and vascular disease, 
diseases associated with hormone deficiencies, movement disorders, pain, stroke, 
HIV, and cancer. 

Thus, for disease and disorders listed above that are considered deficiency 
state diseases, gene therapy could be used to bring a normal gene into affected 
tissues for replacemmt therapy as well as to create animal models for the disease - 
using antisense mutations. A deficiency state is "treated" by partially or wholly 
remedying the deficiency which is causes the deficiency or which makes it more 
severe. 

For the treatment of cancers and tumors, gene therapy can be xised to 
» introduce a gene into the tumor cells that expresses a protein vs^ch is toxic or can 
trigger a toxic effect against tumor cells. Genes for transfer into the neoplastic 
cells by the hybrid vectors are selected fi"om those which target host cell usually 
by expression of a gene product in the host neoplastic cells. "Gene product" 
broadly refers to proteins encoded by the particular gene. For the purposes of the 
invention,* gene product also includes transcription products of the gene, 
particularly for use.as antisense RNA. Genes are selected whose gene products 
serve to identify host cells, slow down or temporarily stimulate host cell growth 
in order to render the host cell more sensitive to chemotherapeutic agents and/or 
\^ose products target the host cell for cell death. Cell death can be accomplished 
by contacting the host cells, containing the gene product, with a subsequent 
treatment, either physical or chemical treatment Alternatively, the gene products 
themselves may serve to kill the host cells or slow down cell growth. The host 
cells targeted by the present hybrid vectors are those cells into which the hybrid 
vector infects and expresses the desired gene product and thus can constitute 
neoplastic cells infected by the hybrid vectors. 

Usefiil gene products comprise: tumor siq>pressor genes, which encode 
transcription factors which suppress cell growth, such as the Rb gene for 
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retinoblastoma or the p53 gene in colon cancer ( Huang et aL, Science 242: 1 563- 
1566 (1988); Barker, etdl.. Science 249: 912-915 (1980); toxic proteins fliat are 
released by cells, such as a fusion protein comprising a toxin coupled to EGF 
ligand (Heinbrook et a I, Proc: Natl Acad Set USA 87: 4697 (1990)); products 
which themselves are capable of selective cell killing, such as anti-sense nucleic 
acid for essential cell proteins, such as replication proteins which serve to render 
tiie host cells incapable of further cell growth and division (Rosengberg et al, 
Naiw^r3J3: 703-706 {l9E5);?ioi^^^ 

al.. Proa Natl Acad Sci USA 83: 399-403(1986); and prodrug activating genes 
such as thymidine kinase (Rramm et aL, Brain Pathology 5:345-381 (1995)), 

For example, a hybrid vector which incoiporates the HSV-1 thymidine 
kinase gene offers such a conditional killing mechanism for dividing cells. The 
thymidine kinase enzyme can convert certain nucleoside analogues, such as,, 
acyclovir, ganciclovir, and FIAU. These drugs are converted to nucleotide-like 
precursors and incorporated into the DNA of the replicating cells, thxis disrupting 
the integrity of the genome and ultimately leading to cell death. (See, Boviatsis 
etaL Cancer Res. 5^:5745-5751 (1994). Thus, the hybrid vector administered 
in combinatio n with a less toxic drug could be highly effective trea^ for 
tumors. 

In addition, the hybrid vector can also incorporate the gene for 
cytochrome P450. The cytochrome P450 gene offers a conditional killing 
mechanism independent of the cell cycle of the tumor cell. This gene is used to 
sensitize neoplastic cells to the cytotoxic effects of a chemotherapeutic agent that 
is activated by one or naore cytochrome P450 genes. The term cytochrome P450 
gene, as used herein, means a mammalian cytochrome P450 gene such as, P450, 
2B1, P450 2B6, P450 2A6, P450 2C8, P450 2C9, P450 2C1 1, or P4503A4. Each 
of these genes has been linked to activation of the anticancer drugs 
cyclophosphamide, oxaz^hophoiine or ifosphamide (Clarke et aL, Cancer Res, 
49:2344-2350 (1989); Chang etaL, Cancer Res. 5J:5629-5637 (1993); Weber et 
al., Biochemical Pharmacology 45:\6Z5A694 (1993), and the cDNA sequences 
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of these genes have also been published (Nelson et ai, DNA and Cell Biology 
i2:l-51 (1993) and references cited therein; Yamano et al, Biochem. 2P;1322- 
1329 (1990); Yamand et al., Biochem 25:7340-7348 (1989). Persons of ordinary 
skill in the art will be able to utilize the method of the present invention ^vith 
numerous oth^ anticancer drugs that are activated by members of the cytochrome 
P450 family of en2ymes that are homologous to tiie aforementioned cytochromes. 

In a preferred embodiment, the cjrtochrome P450 2B 1 gene is utilized. to 
-sensitize central no-vous tumor cells to the cytotoxic effects of cyclophosphamide 
(CPA). Expression of cytochrome P4S0 2B1 gene in C6 glioma cells was found 
to lead to tumor -cell destruction following CPA treatment in culture, in 
subcutaneous tumors in athymic mice, in MCF-7 human breast carcinoma cells 
and in experimental brain tumors in mice. The P4S0 2B1 gene has been 
. successfully utilized to sensitize tumors cells such as 9L gliosarcoma cells to 
oxazaphosphorine treatment 

The hybrid vector can be administered to the tumors in a mammal by 
multiple routes, including direct injection into the tumor mass, through the blood 
vessels and via cerebrospinal fluid. 

The gene product may also encode a chemical or protein which renders 
the host cells radiosensitive and thus more susceptible to killing by radiation. 
Thus, upon subsequent subjection to radiation, the host cells are selectively 
killed. 

Thus, the following types of cancers and tumors caa be treated using the 
present hybrid vectors for gene transfa: include neoplastic cells which include 
tumors, neoplasms carcinomas, sarcomas, leukemias, lymphoma, and the like. 
Of particular int^est are the central nervous system tumors which include 
astrocytomas, oligodendrogliomas, meningiomas, neurofibromas, ependymomas. 
Schwannomas, neurofibrosarcomas, glioblastomas, etc. 

Thus, the invention further provides a method for expressing a transgene 
in a cell which conaprises: . 

(a) introducing a HSV/AAV hybrid vector into the cell; and 
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(b) permitting the vector to express the transgene in the cell. 

The invention also provides a method of selectively killing tumor cells 
comprising: 

(a) infecting said tumor cells with a hybrid vector expressing 
thymidine kinase comprising 

(i) a DNA sequence derived from Herpes Simplex 

- Vinos (HSV) comprising^ a HSV origin of DNA replication and packaging signal;— 

(ii) inverted terminal repeat sequences from Adeno- 
Associated Virus (AAV) flanking a thymidine kinase transgene cassette; and 

(iii) an AAV rep gene inserted outside the inverted 
terminal repeat flanked transgene cassette 

wherein expression of the thymidine kinase gene product renders said ^ 
tumor cells sensitive to a nucleoside analog; 

(b) administering an effective amount of a nucleoside analog; 

and 

(c) selectively killing said tumor cells. 

The invention further provides for a method of selectively killing tumor 
cells comprising: 

(a) infecting said tumor cells with a hybrid vector expressing 
cytochrome P450 comprising: 

(i) a DNA sequence derived from Herpes Simplex 
Virus (HSV) comprising a HSV origin of DNA replication and packaging signal; 

(ii) inverted terminal repeat sequences from Adeno- 
Associated Virus (AAV) flanking a cytochrome P450 transgene cassette; 

(iii) an AAV rep gene inserted outside the inverted 
terminal repeat flanked transgene cassette 

wherein expression of the cytochrome P450 gene product renders said 
tumor cells sensitive to a chemotherapeutic agent; 
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(b) administering to the patient an effective amoimt of a ' 
chemotherapeutic agent that is activated by the cytochrome P450 enzyme; and . 

(c) . selectively killing said tumor cells. 

The invention also provides a method of treating diseases and disorders 
such as inherited metabolic disorders, including, lysosomal storage disease, 
Lesch-Nyhan syndrome, inherited neurological diseases, including, amyloid 
polyneiiropathyT^Ahd^ muscular dystrophy," ALS, 

Parkinson's Disease and brain tumors, diseases of tiie blood, such as, sickle-cell 
anemia, clotting disorders and thalassemias, cystic fibrosis, diabetes, disorders of 
the liver and lung, heart and vascular disease, diseases associated with hormone 
deficiencies, movement disorders, pain, stroke, and HTV, tumors, neoplasms, 
^carcinomas, sarcomas, leukemias, lymphoma, astrocytomas, oligodendrogliomas, ^ 
menigiomas, neurofibromas, ependymomas. Schwannomas, neurofibrosarcomas, 
and glioblastomas. 

Having generally described the invention, the same will be more readily 
understood by reference to the following examples, which are provided by way 
ofillustration and are not intended as limiting. ; 

Examples 

The hybrid vectors of the present invention were evaluated for their 
ability: 1) to express Rep isozymes; 2) to be packaged into both HSV-1 and 
AAV virions depending on the helper virus xised; and 3) to confer transgene 
expression on dividing cells in culture. HSV-1 packaged vectors, with or without 
helper virus, were used to infect dividing U87 human glioma cells and marker 
(lacZ) gene expression and cell toxicity were evaluated over time comparing both 
rep* and rep' hybrid amplicon vectors and conventional amplicon vectors. 
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Maierlals and Methods 
Cell Culture 

The cell line, V27, was dmved fix)m Vero cells as a stable clone 
constitutively expressing the HSV-1 ICP27 gene (Rice, S.A. and Knipe, DM., 
J, ViroL 54:1704-1715 (1990); provided by Dr. David Knipe, Harvard Medical 
School). The 2.2 cell line,~a~similar Vero-derived clone "expressing HSV-1 
ICP 27, was provided by Dr. Sandri-Goldin (Univ. Calif. Irvine; Smith, LL. et al, 
Virol 755:74-86 (1992)). Hxunan kidney tumor line, 293, hamster kidney line, 
BBK, and human glioma line, U87, were obtained from the American Type 
Culture Collection (ATCC). AH cells were propagated at 37°C in a 5% C02-95% 
*air atmosphere in either Dulbecco's Modified Eagle Medium (DMEM), or. 
Minimal Essential Medium (293 cells only) (Mediatech, Washington, DC), 
containing 10% fetal bovine serum (FB S) (Hyclone, Logan, UT), 100 U/ml 
penicillin, and 100 ug/ml streptomycin (Sigma). 

Vector Construct s ' 

Constructs used in the experiments are depicted in FIG. 1 . 

Generation and Titradon of Vector Stocks 

Angilicon Vectors 

The generation of helper virus-positive amplicon vector stocks was 
initiated by transfection of V27 cells (1x10* per 25 cm flask) with 10 ug 
amplicon plasmid DNA by using Lipofectamine™ (Gibco/BRL, Gaithersburg, 
MD) according to manufacturer's protocol. Twenty-four hrs later cells were 
infected with the HSV-1 mutant helper virus, d27-l , at a multiplicity of infection 
[MOI; plaque forming units (pfu) per cell] of 3. d27-l has a 1.2 kb deletion 
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within the ICP27 gene (Rice, S.A. and Knipe, b.M,, J. ViroL 6^:1704-1715 
(1990)). Cells were rinsed 2 hr post-infection and virus propagation was allowed 
to proceed for 48 hr until 90% cytopafhic effect (CPE) was observed. To prepare 
vector stock, cells were harvested, frozen at 80**C and fliawed together with 
media three times, and cell debris was removed by. centifugadon. For virus stock 
passages PI through P3, fresh V27 cells were infected by adding one quarter the 
amount of medium from the previous passage to the culture medixmi. 

Helper- virus-free""2m as""described by " 

Fraefel,C. era/., y. ViroL 70:7190-7197(1996). Briefly, cosmids spanning the 
HSV-1 genome (Cunningham, C. and Davison, A. J., Virology iP7:l 16-124 
(1993)) and having deleted DNA cleavage/packaging sequences (Fraefel, C. et 
al., J. ViroL 70:7190-7197 (1996)) were co-transfected with amplicon DNA into 
2.2 cells using Lipofectamine. All vector stocks were stored at -SO^'C. 

The HSV-1 helper virus was titered as pfti/ml by standard plaque assays 
on 90% confluent V27 cell monolayers (Johnson, P.A. and Friedmann, T., Metk 
CelL BioL -^3:21 1-230 (1994)). Plaques were counted 48 hrs post-infection. The 
amplicon vectors were titered as transducing units/ml by histochemical staining 
for bact^al p-galactosidase 24 hrs after infection of 293 cells. Following 4% 
paraformaldehyde fixation, the cells were washed with phosphate buffered salinQ, 
pH7.4 (PBS) and stained using the X-gal substrate (5-bromo-4-chloro-3-indolyl- 
B-D-galactosidase), as described (Price, J. et aL, Proc. Natl Acad ScL USA 
5^:156-160 (1987)). The number of p-galactosidase positive cells was coimted 
using an inverted phase Nikon Diaphot microscope at 1 0 X magnification. 

Recombinant AAV (rAAV) stodcs were prq)ared as described by Kaplitt, 
M.G. etaI., Nat. Genet. 5:148-154 (1994). Briefly, 293 cells were split into 100 
mm dishes, and grown overnight to approximately 70% confluence. Cells were 
then cotfansfected with 4 ^g of eitiaer pAB-11 or recombinant HSV/AAV 
amplicon constructs and 4 |xg of the helper plasmid pAAV/Ad8, using 
Lipofectamine™. Since pAAV/Ad8 contains the adenovirus type 5 terminal 
sequences (107 bp) in place of the AAV ITRs, it cannot be packaged into AAV 
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virions (Samulski, R.J. et al., J. Virol 53:3822-3825 (1989)). Six hours after 
transfection, the medium was removed and replaced vsdth fiesh medixim. At 24 hr 
post-transfection, cells were infected with either adenovirus type 5 (dl309) (Jones, 
K andShenk,T.3 Ce//i 7:683-689 (1979)) at an MOI of 5,orwithHSV-l mutant 
d27-l at a MOI of 10. At 48 hr post-infection, cells were collected and firozen- 
tliawed three times to lyse the cells and release virions. Lysates were stored at 
-20°C. 

tAAV titer (transducing units) were deteimined by X-gal histochainistry^ 
on 293 cells. Cells at 70-90% confluency grown on poly L-lysine coated 
coverslips, were rinsed with PBS, and incubated with lysate in a total volume of 
0.25 ml for 30 min. Cells were then washed and incubated in medium 
supplemented with 2% fetal calf serum for about 30 hr, at which time they were 
* stained for P-galactosidase activity (as above). 

Western Blot Analysis 

The expression of AAV Rep proteins by pHS/AVrep* was evaluated by 
Western blotting using the Jiybridqmajupenmtan^ the monoclonal antibody 
1F11.8, which recognizes all four Rep isofomis. Two |ig each of purified 
psub201 (wild type AAV rep and cap sequences), pHS/AV rep*^, and pHS/AV rep' 
were transfected for 6 hr by using Lipofectamin™ into late log phase human 293 
cells. After 48 hr, the cell monolayers were rinsed with PBS, and incubated on 
ice for 30 min in cell lysis buffer (50 mM Tris-Cl, pH 8.0, 150 mM NaCl, 0.02% 
NaAzide, PMSF, aprotinm, 0.1% SDS and 1% Triton X-100). Samples were 
diluted with 2X Laemmli loading buffer (Sambrook, L et al. In Molecular 
Cloning. A Laboratory Manual^ Cold Spring Harbor Laboratory Press: Cold 
Spring Harbor (1 989)) and electrophoresed on denaturing 1 2.5% acrylamide gels. 
Proteins were transferred to Hybond-ECL membrane (Amersham, Arlington Hts., 
IL) by standard tank transfer in Tris-glycine-methanol transfer buffer at lOOV 
constant voltage (Fazakerley et al., Virology 167: 422-432 (1988)). Non-specific 
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membrane bin(fing was blocked by incubating the membrane for 1 hr incubation 
in 5% non-fat dry inilk in PBS-Tween (Sambrook, J, et al. In Molecular Cloning, 
A Laboratory Manual, Cold Spring Harbor Laboratory Press: Cold Spring Harbor 
(1989)). After washing with PBS-Tween, the membrane was incubated for 1 hr 
with 1F11.8 (1:1000 dilution m 1% nonfat dry milk/PBS-Tween). The 
membrane was washed and incubated with horseradish peroxidase-conjugated 
sheep anti-mouse immimoglobulin (1 :2000 dilution in blocking solxition) for 1 hr. 

The membrane was then-washed and developed-^by iising the ECL* reagents 

(Amersham). 

Time Course of LacZ Expression and Cell Viability in U87 Cells 

Infection of duplicate wells of U87 cells (2 x 10^ per 36 mm well) with 
virus stocks was carried out to achieve a constant MOT of amplicon vectors (0.05 
transducing units per cell) with or without helper d27-l virus, or comparable 
pfu/ml of helper virus. Stocks were diluted with media to the appropriate MOI • 
in a total volume of 1 . 5 ml per well. Infection was carried out at 37 °C for 24 hr 
and then virus was removed and either fresh media was added (for later time 
points) or time point analysis was carried out as described below. At each tiine 
point - 1, 2, 5, 10 and 15 days, the following procedures were carried out: 

1) fixation and staining of cells for P-galactosidase activity (as described above); 

2) trypsinization of monolayers for automated cell counts (Coulter Electronics 
Inc.), and viability assessment by trypan blue exclusion; and 3) harvesting of 
cellular DNA for PCR analysis. At days 5 and 10, cells were split 1 :4 and carried 
to the next time point 

DNA Extraction and PCR 

Genomic DNA was extracted from human U87 glioma cells which had 
been transduced with the hybrid amplicon vectors, HS/AV rep* and HS/AVrep*, 
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the control amplicon, Hennes-L, or rAAV AB-1 1 by using the QIA amp protocol 
(Qiagen, Chatsworfh, CA). Control genomic DNA included mock transfected 
U87 cells and HSV-1 d27-l infected U87 cells. Double stranded PGR reactions 
contained: 4 (il of genomic DNA in HPLC water, 1 0 ng of the ^ropriate primer, 
IX PCR buffer (TaKaRa, Japan), 200 jil each of dGTP, dATP, dTTP and dCTP, 
and L2S units of Taq polymerase sealed with 200 ^1 ndneral oil. The samples 
underwent an initial denaturation at 94° C for 2 min, followed by 30 cycles pf: 
94°C for I niiTu 55*'C for 1 min. 72 "^C for 2 min: This reaction wais completed 
by incubation at 72**C for 10 min for final extension. Ten \i\ of each reaction 
were then electrophoresed on a 1.5% agarose gel. Primer pairs used for PCR 
include: 

1) LacZ: 5'GCTTTCGCTACCTGGAGAGACGC3' (SEQIDNOrl) 

5'ATCGCTATGACGGAACAGGTATTC 3' (SEQID . 

NO:2) 

2) p-Actin amplimer set (CLONTECH, Palo Alto, CA) 
Example 1: Preparation of HSV Vector Stocks 



HSV amplicon vector stocks were titered as transducing units per ml on 
293 cells for amplicons and as pfii per ml on V27 cells for helper virus. The 
following range of titers were obtained for different vectors HS/AVrep'' stocks: 
amplicon, 1-6 x 10* transducing units/ml; helper virus 3 x 10* - 10* pfWml; 
HS/AVrep* stock: amplicon, 8x10* transducing units/ml; helper virus 7x10*- 
10* pfu/ml; Hermes-L: amplicon 2x10^ transducing units/ml; helper virus 8 x 
10* - 7 X 10^ pfu/ml. Titers of d27-l helper virus grown alone on V27 cells were 
3 X 10* pfu/ml. Titers of helper-free amplicon vectors were - HS/AV rep* 2 x 10* 
transducing units/ml; HS/AVrep-, 1x10^ transducing units/ml; Hermes-L, 1 x 
10^ transducing units/ml. For all helper virus positive stocks the ratio of 
amplicon vector to helper virus was very low - 1 : 1 0* for HS/AV rep*, 1:10^ for 
HSV/AV rep" and 1:300 for Hennes-L. The poorer packaging eflBciency of 

t 
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HS/AV rep* < HSV/AV rep" < Hemes control was consistent across stocks 
prepared on separate occasions, for both helper-positive and helper-free amplicon 
stocks. 

Exang>le 2: AAV Functions in the HSV/AAV Hybrid Vectors 

Two properties of AAV were assessed using HS/AV amplicons: 
- - 1) expression of Rep isozymes and 2) the ability of the transgehe cassette to be 
packaged into AAV virions. In order to evaluate e^qsression of Rep isozymes, 
293 cells were transfected with pHS/AV-Rep*, pHS/AV-Rep", or psub20L 
Twenty-fotir hr after transfection cellular proteins were resolved by SDS-PAGE 
and analyzed on Westem blots using a monoclonal antibody to Rep which 
recognizes all isoforms ( FIG. 2). The presence of irmnunoreactive Rep proteins 
was specific to plasmids bearing the rep gene. Three isozymes, corresponded to 
Rep 40, 52 and 78, could be resolved and were present in cells transfected with 
psub201 and pHS/AVrep*, and not in those transfected with pHS/AVrep" or non- 
transfected. (Rep 68 co-migrated with a non-specific cellular protein and thus 
could not be evaluated.) 

The ZacZ transgene cassette flanked by AAV ITRs m the hybrid plasmids, 
as well as in the control pAB-11 rAAV, was assessed for its ability to be 
packaged into AAV virions both by co-transfection with helper plasmid 
pAAV/AdS and infection with the adenovuiis mutant, dl309 (Samulski, RJ. et 
al., J. Virol 53:3822-3825 (1989)), or by co-transfection with pAAV/Ad8 and 
infection with the replication-defective HSV mutant, d27-L The transgene 
cassette was able to be packaged into AAV vectors using either helper virus 
(Table 1). Titers of AAV vectors using the adenovirus helper were comparable 
for the HSV/AAV hybrid vectors and the AAV transgene construct, pPAB-1 1, 
5-9 X l(y* transducing units/nd. Titers of AAV vectors usmg HSV helper were 2- 
3-fold lower, 2-4x10* transducing units/ml, but again similar for the hybrid and 
AAV vector constructs. The possibility that the transducing units represent 
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hybrid constructs packaged in HSV-1 virions in the presence of d27-l was 
excluded because d27-l is replication-defective in the 293 cells used for 
generating AAV vector stocks and thus could not support generation of HSV-1 
amplicon vectors. 

TalOel 

Packaging of Transgene Cassettes into AA V Virions 



Veetor stock* 


Adenovirus Helper 


HSV Helper 




(transducing units/ml)" 


pHS/AVrep* 


5x10* 


2x10* 


pHS/AVrep- 


6x10* 


3x10* 


pPABll control 


9x10* 


4x10* 



Vector stodcs were prepared by co-transfection of 293 cells with HSV/AAV amplicon constructs or pABl 1 
and helper plasmid pAAV/AdS, followed by infection witii replicaticm-defective helper virus - either adenovirus 
type 5 dl309 or HSV-1 d27-l. 

^ Vector stocks were titered by transduction of 293 cells and staining for lacZ repression 24 hrs later. 



15 



Example 3: Gene Delivery 

Helper Virus-positive HSV Amplicon^ 



20 



25 



To assess the stability of transgene e3q)ression in dividing cells, actively 
proliferating U87 human glioma cells were infected with one of the two hybrid 
vectors, HS/AVrep* or HS/AVrep", or with the conventional amplicon vector, 
Henneis-L, or with d27-l HSV helper virus alone. At subsequent time points, 
days 1, 2, 5, 10 and 15 post-infection, cells were assessed for transgene 
e?qpression and viability. Amplicon vector stocks were kept constant with respect 
to the MOI of the amplicon vectors, 0.05 transducing units/cell, while the 
associated MOI of helper viruis varied among stocks - 500 pfu/cell for 
HS/AVrep% 50 for HS/AVrep" and 1 5 for Hemaes-L. 

Amplicon vectors at MOI = 0.05 (transdiicing units per cell as titered on 
293 cells) resulted in an initial transduction efficiency of only about 0.05% in 



Va98/21345 



PCT/US97/20422 



-34- 

U87 cells (FIG, 3A), indicating that the vectors have a lower transduction 
efSciency on U87 as compared to 293 cells. Low amplicon vector MOI's were 
mandated by the rate limiting amounts of vector stock available and the toxicity 
of the helper virus. For the control Hennes-L amplicon vector, the number of 
5 P-galactosidase positive cells was highest (1%)24 hr after infection, and then 

decreased to 0.05% by day 2 and to 0.003% by day 5, with no positive cells noted 
on day 10. Transgene expression mediated by the HSV/AAV hybrid vectors was 

similar to the conventional amplicon vector on day 1 (about 1 % of cells)^ but then - 

remained on witii 0.2-0.3% positive cells remained on day S (1 00 x more than the 
10 conventional amplicon vectors) and 0.02-0. 1 % positive on day 1 0. On day 1 5 the 

proportion of cells e3q)ressing the transgene was notably higher for cells 
transduced witii the HS/AV rep^ vector (0.05%) as compared to those transduced 
with the HS/AV rep" vector (< .001%), indicating that expression of Rep 
isozymes promoted retention and sustained expression of the transgene up to 2 
15 weeks. 

Cell viability was also assessed over-time in order to determine the 
toxicity of the helper virus positive vector stocks. Comparisons were carried out 
among uninfected U87 cells, cells infected with HSV helper virus alone (d27-l), 
or helper virus-positive rep* or rep* amplicon vectors (FIG. 3B), Viability 

20 dropped markedly by day 2 for both d27-l (MOI 16 pfu/cell) and HS/AV rep"" 

vector (d27-l MOI = 500), with a maximum loss of viable cells 6 days after 
iiifection with HS/AV rep*, however, transduced cell populations resuming log 
growth by day 11. Stocks of the Heraies-L amplicon control vector (d27-l 
MOI = 40) and HS/AV rep" (d27-l MOI - 55) caused an apparent temporary 

25 growth arrest for 6-1 1 days after infection and then cells resumed growft at arate 

similar to iminfected U87 cells. These results indicated that the helper virus 
caused substantial toxicity to cells. 
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Helper Virus-negative HSVAmplicon Vectors 

To resolve whether cell toxicity was due solely to the helper virus or also 
to expression of Rep isozymes by the rep* hybrid vector, parallel experiments 
were carried out using the hybrid and control amplicon vectors generated using 

5 a helper-virus-free syst«n at an MOT of 0.05. The apparent transduction 

efficiency of U87 cells after 24 hours was 2-10-fold lower as compared, to 
transduction using the same MOI of amplicon vectors in helper virus-positive 
stocks (FIG. 4A). This apparent decrease in transduction efiSciency could be 
explained in two ways: 1) by a role for the helper-virus in the transduction 

10 process itself, e.g. by promoting nuclear replication of transgene cassettes; or 

2) by the toxicity of the helper-virus, such that cells infected with helper virus 
» have a reduced siuvival rate, while those infected with amplicon vectors have a 
good survival rate, so that the 1% positive cells in helper-positive stocks would 
be elevated by virtue of death of some negative cells. A time-dependent decrease 

15 in transgene expression was observed with all three different amplicon vectors. 

However, both HSV/AAV hybrid vectors conferred transgene expression in 
0.003-0.008% of cells at 10 days, while no positive ce lls w ere observed for the 
Hermes-L vector at that time point Again at the 1 5 day time point, cells infected 
with the rep* vector still showed positive cells, while those infected with the rep* 

20 vector were negative. In fact, the HS/AV rep* vector consistently showed a 

higher percentage of positive cells as compared to the HS/AV rep* vector at all 
time points. In this helper-virus-free system differences in the lengfli of transgene 
esqiression cannot be ©cplained by varying MOI of helpCT virus. Remarkably in 
this helper-virus-free system there was essentially no toxicity to U87 cells 

25 (FIG. 4B), and cell growth was comparable for uninfected cells (FIG. 3B) and 

cells infected with all three vectors over the two week post transduction period. 
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Example 4: State of Vectors in Transduced Cells 

PCR analysis was earned out on total cellular DNA at various time points 
after infection of U87 with vectors using the helper-virus-free amplicon vector 
stodcs. Two sets of primer pairs were used, one set specific to the lacZ transgene 
5 and one specific to the p-actin gene, as a control for cellular DNA. lacZ 

sequences were present at shnilar concentrations in cells infected with the control 

Hermes-L amplicon vector and the hybrid -vectors at l -^and -5 days post- 

transduction. However by day 10 lacZ sequences w^e dramatically reduced in 
cells infected with the control and rep" vectors, while still abimdant in cells 
10 infected with the rep* vector. By day 1 5 the transgene sequences were virtually 

gone from cells infected with the Hemies-L vector and still present in cells 
^ transduced with the hybrid vectors, with rep'^-infected cells having apparently 
more transgene sequences per cell population than rep*-infected cells. 

Conclusion 

15 The novel hybrid vectors of the present invention, which incorporate 

critical elements of both HS V amplicon vectors and AAV vectors, are able to 
sustain transgene e3q)ression in dividing glioma cells for over two weeks. These 
vectors combine the high infectibility and large transgene capacity of HSV 
vectors with the potential for episomal amplification and chromosomal 

20 integration of AAV vectors. The hybrid vectors contain the HSV-1 origin of 

DNA replication, oris, and the DNA cleavage/packaging signal, pac, which allow 
amplicon replication and packaging in HSV virions. The lacZ reporter gene 
under control of the CMV DEI promoter is flanked by AAV ITR sequences, vAich 
facilitate replication and genomic integration of this cassette in the host cell 

25 nucleus. Coiistructs vrare generated with or without the AAV re/> gene (rep* and 

rep') to assess its importance in extending transgene expression. Expression of 
Rep isozymes was confirmed by western blot analysis. An HSV amplicon 
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construct containing the reporter gene, but no AAV sequences, was used as a 
control. Constructs were packaged into HSV virions with or witiiout helper virus 
and these vector stocks were used to infect human U87 glioma cells in culture. 
The hybrid vectors supported transgene retention and expression for 2-3 weeks, 
while the control amplicon vector lost the transgene after 10 days. Expression 
was somewhat longer for the rep"*^ as compared to the rep" hybrid vectors. 
Toxicity due to the HSV helper virus was eliminated using helper-virus-free 
ampUcoh vector stocks. Hybrid vectors could also be packaged in AAV virions, 
using AAV and adenovirus helper functions. These HSV/AAV hybrid vectors 
are expected to allow long term, non-toxic gene delivery of DNA constructs to 
both dividing and non-dividing cells. 

* Example 5: Expression and Integration of the HSV/AA V Hybrid Vector 

Expression of the Transgene in Human Immortalized cell lines: 
In dividing HeLa and 293 cell (human inmiortalized cell lines) the 
inventors have demonstrated stable long term expression of an introduced 
transgene for long periods of time. Dividing cells were infected with equal 
amounts (multiplicity of infection =1) of both hybrid vector and traditional HSV- 
1 amplicon vector. Cells were split 1 :5 every 4 days and the proportion of cells 
expression a flourescent transgene was measured by quantitative analysis on a 
flouresence activated cell sorter (FACS). The amplicon vector initially 
transduced >8S% of total cells, but this expression decayed rapidly and remained 
less tiian 3% after 12 days in culture. In contrast, the hybrid vector was equally 
e£Gcient at transducing cells, but supported transgene expression for 30 days in 
40% of total dividing cells. 

Integration of Transgene Sequences 

Integration of transgene sequences into target cells is a design feature of 
the hybrid HSV/AAV vector. In a number of dividing human cell Imes the 
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inventors compared integration mediated by the hybrid vector to amplicon 
vectors. HeLa cells were infected with these vectors using methods well known 
to those skilled in the art and fluorescent cells were sorted as single cells into 
individual wells of a 96-well tissue culture plate. These clones were cultivated 

3 and at time points two and four weeks after transduction, integration was assessed 

by the presence of transgene sequences in genomic Southem blots. 
Approximately 30% of clones transduced with the hybrid vector contained a 
transgene copy, in aigreement with the above population datar The "amplicon 
vector controls had no transgene present (1 0 clones tested). The clones in which 

10 integration mediated by the hybrid amplicon was demonstrated were fiirther 

characterized. Expression of the fluorescent transgene was stable over long 
periods in these clones in comparison to clones in which no integration occured. 
► The clones are stable over time, expressing the transgene after >20 passages in, 
culture. Transduction of cells with hybrid vectors having transgenes containing 

15 the NeoR gene has allowed selection of stable integration events with G418. 

Thus, in dividing cells analyzed at the popvdation and clonal level, the hybrid 
vector of the present invention, in comparison to the amplicon controls, 
efiSciently mediates integration in dividing hiiman cells. Transgene expression 
over long periods is greatly enhanced by stable trasduction with the hybrid vector 

20 of the present invention. 

Expression and Integration of the Transgene in Neuronal Cells 
Comparative studies of the hybrid vector of the present invention with 
AAV, adenovirus (Ad) and amplicon vectors in primary rat neuronal cultures 
have demonstrated nontoxic gene delivery, high proportion of transduction and 
25 stable e>q5ression. Neurons are relatively diflBcult to transfect by established 

means and one of the potential applications of the hybrid vectors of the present 
invention is gene delivery to the central nervous system (CNS). 

The inventors have performed studies comparing the delivery and 
e3q}ression of transgenes delivered to rat neuronal cultures. Pure neurons (>90%) 



wo 98/21345 



-39- 



PCT/DS97/20422 



are isolated from the striatum and ventral mesencephalon of the rat brain. Equal 
multiplicities (MOI=l) of AAV, Ad and HSV amplicon vectors and the 
HSV/AAV hybrid vector of the present invention were added to each culture. At 
day 2, HSV-based vectors (amplicon and hybrid vector) directed transgene 
expression in 35% of striatal neurons and 20% of mesencephlic neurons 
respectively. Both AAV and Ad vectors transduced <10% of cultures transduced 
by the hybrid vector of the present invention (i.e., 10% in striatal cultures, 5% in 
_ _ mesencephaUc cultures). Thus, HSV^erived vectors were the mos^^Bcimt at 
transducing primary rat neurons, and the hybrid vector was able to direct 
transgene ejqM-ession for tfie lengfli of the culture. Vector associated cytotoxic 
effects were analyzed by cell morphology and induction of apoptic changes in the 
nuclear chromatin. Virtually no cytotoxicity was noted in the hybrid vector 
cultures, amplicon cultures, and AAV. Ad vectors were, however, mildly 
cytotoxic to neurons in this system. 

For the experiments described above, the hybrid amplicon vector is 
packaged to high titers by the helper virus free system described by Fraefel et al. 
(J. Virol, 1996, supra). Vector packaged in this sytem is virtually devoid of 
cytotoxic effects. 

It will be clear that the invention" may be practiced"otEerw as' 
particularly described in the foregoing description and examples. 

The invention is susceptible to modifications and variations apparent to 
the reader skilled m the art. In particular, the present disclosure extends to 
combinations and subcombination of the features mentioned and disclosed herein. 

The entire disclosure of all publications (including patents, patent 
applications, journal articles, laboratory manuals, books, or other documents) 
cited herein are hereby incorporated by reference. 
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SEQUENCE. LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANTS: THE GENERAL HOSPITAL CORPORATION 
55 FRUIT STREET 
BOSTON, MASSACHUSETTS 02114 

EUNICE KENNEDY SHRIVER CENTER FOR MENTAL RETARDATION, INC 
200 TRAPELO ROAD 

WALTHAM MASSACHUSETTS 02154-6319 

APPLICT^TS /INVENTORS: BREAKEFIELD, XANDRA O. 

JACOBY, DAVID R. 
SMITH, FRANCES I. . 



(ii) TITLE OF INVENTION: HSV/AAV HYBRID AMPLICON VECTORS 
(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: STERNE, KESSLER, GOLDSTEIN & FOX P.L'.L.C. 

(B) STREET: 1100 NEW YORK AVENUE, SUITE 600 

(C) CITY: WASHINGTON 

(D) STATE: DC 

(E) COUNTRY: USA 

(F) ZIP: 20005 

(v) COMPUTER REMABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: To be assigned 

(B) FILING DATE: Herewith 
--(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/747,919 

(B) FILING DATE: 12-NOV-1996 



(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: GOLDSTEIN, JORGE A. 

(B) REGISTRATION NUMBER: 29,021 

(C) REFERENCE/ DOCKET NUMBER: 0609.423PC02 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (202)371-2600 

(B) TELEFAX: (202)371-2540 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: . 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION; SEQ ID N0:1: 
GCTTTCGCTA CCTGGAGAGA CGC 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
ATCGCTATGA CGGAACAGGT ATTC 
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What Is Claimed Is: 

1 . A hybrid gene vector capable of expressing a transgme comprising 
a nucleic acid in which a polynucleotide sequence to be carried by the vector into 
a target cell, such as a transgene, is fused 

(i) to a subset of viral polynucleotide sequences from a herpesvirus 
comprising a herpesviral origin of replication and packaging signal sufficient for 



replication and packaging of the vector in herpesviral virions, and 

(ii) to a subset of viral polynucleotide sequences from an adeno- 
associated virus (AAV) comprising AAV elements sufficient to increase 
10 persistence of the vector in mitotic and non-mitotic cells. 

2. The hybrid gene vector of claim 1 further comprising an adeno^ 
associated viral gene(s) and a suitable arrangement of AAV polynucleotide 
elements, sufficient for replication and chromosomal integration of the transgene 
15 that is to be carried by the vector into the target cell. 

3. ... The hybrid gene vector of claun 1 wherein tiie transgene to be 



carried by tiie vector into the target cell is arranged between AAV ITR terminal 
repeats, and the adeno-associated viral gene is a Rep gene encoding Rep 
20 enzyme(s) equable of mediating replication and chromosomal integration of ITR- 

flanked polynucleotide sequences. 



4. The hybrid gene vector of claim 1 wherein the AAV elements are 
suitably arranged for and sufficient to enable sufficirat replication and packaging 
the vector in AAV virions. 
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5. A hybrid vector capable of ejqjressing a transgene comprising: 

(a) a DNA sequence derived firom Herpes Simplex Virus 
(HSV) comprising a HSV origin of DNA replication and packaging signal; and 

(b) invertedterminalrepeatsequencesfromAdeno-Associated 
Virus (AAV) flanking a transgene cassette. 

6. A hybrid vector capable of expressing a transgene comprising: 

(a) "a DNA sequence derived from Herpes Simplex Virus 
(HSV) comprising a HSV origin of DNA replication and packaging signal; 

(b) inverted terminal repeat sequences from Adeno-Associated 
Virus (AAV) flanking a transgene cassette; and 

(c) an AAV rep gene inserted outside the inverted terminal 
- repeat flanked transgene cassette. 

7. A method for expressing a transgene in a cell which comprises: 

(a) introducing the hybrid vector of claim 5 into the cell; and 

(b) permitting the vector to express the transgene in the cell. 



8. The method of claim 7 wherein the cell is a non-mitotic cell. , 

9. A method for expressing a transgene in a cell which comprises: 

(a) introducing tiie hybrid vector of claim 6 into the cell; and 

(b) pemiitting the vector to express the transgene in the cell. 

1 0. The method of claim 9 wherein the cell is a non-mitotic cell. 

11. A method of treating diseases and disorders which comprises: 

(a) introducing the hybrid vector of claim 5 into the cell; and 

(b) pemiitting the vector to express the transgene in the cell. 
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12. The method of claim 1 1 where m the diseases and disorders are 
selected from the group consisting of: inherited metabolic disorders, including, 
lysosomal storage disease and Lesch-Nyhan syndrome, inherited neurological 
diseases, including, amyloid polynexiropathy, Alzheim^'s Disease, Duchenne's 
muscular dystrophy, ALS, Paxkinson's Disease and brain tumors, diseases of the 
blood, such as, sickle-cell anemia, clotting disorders and thalassemias, cystic 
fibrosis, diabetes, disorders of the liver and lung, heart and vascidar disease, 

- diseases associated with homlone deficiencies, movement disorders, pain, stroke, 
and HIV and cancer. 

13. A method of treating diseases and disorders which comprises: 

(a) introducing the hybrid vector of claim 6 into the cell; and 

(b) pemiitting the vector to express the transgene in the cell. 

14. The method of claim 13 where in the diseases and disorders are 
gselected from the group consisting of: inherited metabolic disorders, including, 
lysosomal storage disease, Lesch-Nyhan syndrome, inherited neurological 
diseases, including, amyloid polyneuropathy, Alzheimer's Disease, Duchenne's 
muscular dystrophy, ALS, Parkinson's Disease and brain tumors, diseases of the 
bloodj such as, sickle-cell anemia, clotting disorders and thalassemias, cystic 
fibrosis, diabetes, disorders of the liver and lung, heart and vascular disease, 
diseases associated vAih hormone deficiencies, movement disorders, pain, stroke, 
HIV tumors, neoplasms, carcinomas, sarcomas, leukemias, lymphoma, 
astrocytomas, oligodendrogliomas, menigiomas, neurofibromas, ependymomas. 
Schwannomas, neurofibrosarcomas, and glioblastomas. 

15. The method of selectively killing tumor cells comprising: 

(a) infectingsaidtumorcells with a hybrid vector expressing 
thymidine kinase comprising 
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(0 a DNA sequence derived fiom Herpes Simplex 
Virus (HSV) comprising a HSV origin of DNA replication and packaging signal; 

(ii) inverted terminal r^eat sequences from Adeno- 
Associated Virus (AAV) flanking a thymidine kinase transgene cassette; and 

(iii) an AAV rep gene ins^d outside the inverted 
terminal repeat flanked transgene cassette 

wherem expression of flie thymidine kinase gene product renders said 
tumor cells^msitn^©"anucle6^^ — 

(b) administering an effective amount of a nucleoside analog; 

and 

(c) selectively killing said tumor cells. 

1 6. The method of claim 1 5 wherein the nucleoside analog comprises 
acyclovir, ganciclovir or FIAU. 

1 7. The method of claim 15 wherein the tumor cell is central nervous 
system tumor cell. 



18. The method of selectively killing tumor cells comprising: 

(a) infecting said tumor cells with a hybrid vector expressing 
cytochrome P450 comprising: 

(i) a DNA sequence derived from Herpes Simplex 
Virus (HSV) comprising a HSV origin of DNA repKcation and packaging signal; 

(ii) inverted terminal repeat sequences from Adeno- 
Associated Virus (AAV) flanking a cytochrome P450 transgene cassette; 

(iii) an AAV rep gene inserted outside the inverted 
terminal repeat flanked transgene cassette 

wherein expression of the cytochrome P450 gene product renders said 
tumor cells sensitive to a chemotherapeutic agent; 
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(b) administering to the patient an effective amount of a 
chemotherapeutic agent that is activated by the cytochrome P4S0 enzyme; and 

(c) selectively killing said tumor ceUs. 

19. The method of clakn 18 wherein the chemtherapeutic agent is 
cyclophosphamide, or ifosphamide. 



^ 20. — The method of claim 1 8 wherein the tumor cell is cmtral nervous 

system tumor cell. 
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Figure 3B 
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Figure 4 A 
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Figure 5 
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